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I NTROD UCT I O N  
Cheese whey is a by-product of the dairy industry and 
contains approximately 5% lactose, 0 .  9% nitrogenous compounds, and 
small amounts of vitamins and minerals . It has often been treated 
as waste . In  addition to the loss of these nutrients, it's disposal 
creates pollution problems. Lactose which is the chief nutrient in 
whey, could be more profitably utilized by being converted into 
ethanol. Unfortunately, naturally occuring strains of brewers yeast 
(Saccharomyces cerevisiae) are unable to metabolize lactose and 
hence can not convert it to etha�ol . 
The overall obj ectives of my study were : 
1 . )  To construct a S. cerevisiae - Escherichia coli shuttle plasmid 
(pBW314) carrying the lacZ gene for lactose metabolism and the 
kanamycin resistance (kanr) gene for resistance to G418 . 
2.) By selecting for resistance to G418 to isolate laboratory (Fink) 
and fuel alcohol (Y45 and Y6) strains of S. cerevisiae 
transformed by this plasmid. 
3.) To test one of the transformed strains (Y45 with pBW314) for 
ethanol production from lactose. 
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L I TERATU RE R EV I EW 
Ove rview of Genetic Eng i neer i n g .  The development of 
DNA recombinant tools made it possible to construct hybrid 
plasmids. Hybrid plasmids are natural plasmids in which 
foreign DNA has been inserted into the plasmid genome. The 
technology required to create hybrid plasmids awaited the 
isolation and manipulation of three macromolecules : 1. 
Restriction enzymes, 2. Vectors or plasmids, and 3. Ligase 
enzyme. 
Restriction enzyme� were first observed by Arbor and 
Dussoix (42) . To acknowledge the usefulness of the restriction 
enzymes Arbor wrote "if this last idea should be correct one 
may further speculate that a restriction enzyme might provide a 
tool for the sequence specific cleavage of DNA. Application of 
enzymes of different specificity should then be useful in 
attempts to determine base sequences of DNA molecules." The 
idea was, of course, correct. Arbor's prediction was proven by 
Danna and Nathan's ( 12) construction of a restriction map for 
the genome of simian virus 40, using the Hind III restriction 
enzyme discovered by Smith (44). 
Restriction enzymes are classified into three types. 
Type I and III are similar in their mode of action, they cleave 
DNA at specific sites. This means that they cut both strands 
of DNA at a specified nucleotide base pair site producing blunt 
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(flush) ends. Type I I  enzymes, on the other hand, cleave DNA 
within or near a particular nucleotide sequence but not at the 
same point in both strands. These produce ends known as 
overlapping ends (35) . 
BamHl recognizes in DNA a hexanucleotide consisting of 
5 ' G-G-A-T-C-C3 ' and its complementary strand. Restriction with 
this enzyme produces protruding cohesive 5 ' termini. KpNl on 
the other hand recognises a slightly different hexanucleotide 
consisting of 5 ' G-G-T-A-C-C3' and its complementary strand. 
Restriction with this enzyme produces protruding cohesive 3' 
termini. BamHl and KpNl termini can form base pairs with one 
another thus, forming novel recombinant molecules . The 
fragments generated by these two restriction enzymes can thus 
be ligated together . The resultant hybrid DNA is not recognized 
by either of the enzymes (35) . 
Plasmids are extra chromosomal, self-replicating and 
stabely inherited DNA molecules found in bacteria . Plasmids 
are double stranded and circular (35) and carry many genes . 
Some of these genes confer antibiotic resistance and others are 
used for plasmid replication and maintainance inside the host . 
Naturally occurring plasmids have been· recognized since the 
1970's (2). The Ti plasmid is one such plasmid and it is now 
recognized also as being the pathogenic factor present in 
oncogenic strains of Agrobacterium tumefaciens . Double-
stranded DNA of foreign origin can be cloned in various plasmid 
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vectors. The plasmid that has been used the most for this 
purpose is pBR322. Its small size (4. 3 kilobase pairs) and its 
detailed restriction map make it most useful for this purpose. 
As indicated by Setlow (42) "the discovery of DNA 
ligase was one of the greatest happenings of 1967. ". DNA 
ligase is central to the recombination of DNA in vitro and has 
made it possible to covalently j oin together DNA fragments that 
otherwise could not have been so connected. The importance of 
the enzyme is emphasized by its presence in E. coli and by the 
synthesis of a new ligase upon infection of cells with 
bacteriophage T4. The E. coli and T4 enzymes differ signifi­
cantly in two ways. First , the E. coli ligase requires 
diphosphopyridine nucleotide as a cofactor while the T4 ligase 
requires adenosine triphosphate. Second, the T4 ligase does 
not require overlapping complementarity on the single-stranded 
ends of the two DNA molecules to be joined as does the E. coli 
enzyme (42) . 
Both �· coli and T4 DNA ligase catalyze the formation 
of a phosphodiester bond between a 51 phosphate and a 31 
hydroxyl termini in a duplex DNA molecule. Fragments of DNA 
produced by KpNl and BamHl restriction ·have overlapping ends 
(termini) which can join by hydrogen bonding. The joining is 
made permanent by the action of the T4 ligase which covalently 
connects overlapping and hydrogen bonded ends. 
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Tra n sformation of E .  col i by P la s m ids . Since the 
beginning, gene engineering has relied mainly on the bacterium 
E. coli as the host for receiving and maintaining recombinant 
DNA molecules. Many strains of �. coli contain one or more 
natural plasmids without recombinant DNA. By uptake into the E. 
coli cell plasmids can be amplified and also transcribed 
producing useful metabolic products. 
Some bacteria like Bacillus subtilis (45) are highly 
transformable. These bacteria produce a small protein called 
the competence factor that makes them capable of taking up 
foreign DNA. In Gram-negative bacteria no competence factor is 
produced. These bacteria can be made competent by the use of 
CaC12. The cell envelope is rendered permeable to DNA by 
. h c Z+ . d b . . h h k ( 39) treatment w1t a 1ons an su Ject1on to eat s oc . 
Only plasmids can be used to transform these bacteria. Uptake 
of linear DNA is limited to strains carrying specific mutations 
which inactivate or destroy exonuclease V .  They are unable 
because of the mutation to degrade incoming linear DNA 
fragments ( 11). In this research E. coli was used to amplify 
the pBW314 plasmid. 
Tra n sformation of S .  cerev i s i ae .  The single-cell 
eukaryote, S. cerevisiae (yeast), provides a useful system for 
extending gene engineering to higher cells. Cellular struc-
ture, chromosome organization, DNA replication and other 
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macromolecular syntheses in yeast are similar to what is found 
in most eukaryot es . In addition, yeast offers unique experi-
mental advantages over higher eukaryotes. The rapid growth and 
the existence of stable haploid and diploid states allow yeast 
to be manipulated both biochemically and genetically as has 
been so useful in prokaryotes. The small genome and the advent 
of an efficient method of transforming yeast with exogenous DNA 
have made possible a particularly fruitful application of 
recombinant DNA techniques in yeast. Using recombinant DNA 
approaches specific DNA sequences, such as origins of replica­
tion, centromeres, and telomeres, have been identified and 
characterized as to their in vivo functions. 
About 80 - 8S% of yeast cellular DNA is distribut·ed 
among the approximately 16 nuclear chromosomes. The total DNA 
content is 1. S x 104 kbp, about four times as much as is 
present in E. coli but much less than has been found in higher 
eukaryotes. Size measurements suggest that each chromosome 
contains a single DNA molecule and that these range from 1SO to 
2200 kbp (7). Besides the nuclear chromosomes, the yeast cell 
also contains 20 - SO copies of a 76 kbp mitochondrial genome 
(7) and certain other extra chromosomal DNAs. One of the latter 
is an endogenous plasmid called the 2 urn circle. It is present 
at SO to 100 copies per cell, and makes up 4% of the total DNA. 
As the name implies, the plasmid is constructed of a closed 
circular molecule of DNA (7). It has a circumference of 6 kbp 
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(7) . The 2 um DNA has been most used in the laboratory as a 
vector for yeast transformation. 
Yeast DNA has been successfully cloned in�· coli (10 , 
40) and its genes expressed to produce active enzymes (10 , 40) 
thus , indicating yeast DNA is transcribed in prokaryotes. Genes 
with appropriate promoters from both prokaryotes and eukaryotes 
have been combined to construct plasmids that transform both 
yeast and E. coli. Such plasmids are called shuttle plasmids. 
Shuttle plasmids were used to introduce new genes into S. 
cerevisiae that were previously amplified in E. coli. This 
lead the way in 1978 to the transformation of �- cerevisiae by 
autonomously replicating hybrid plasmids (1, 8, 21, 24, 48). The 
hybrid plasmids used to transform �- cerevisiae were purposely 
constructed to have all or part of the 2 urn circle in order to 
facilitate their autonomous replication and episomal mainte­
nance. One such plasmid i>ZlOOO) was constructed by Zamb (53). 
PZlOOO contains bacterial (pBR322) and yeast DNA (LEU2 gene and 
800 base pair random yeast fra.gment) (32). Kleinsasser (32) 
found that pZlOOO transformed both �. coli and yeast. These 
plasmids are also called YEp because of their episomal 
maintainance (4). In addition to transformation of S. 
cerevisiae the 2 urn DNA was also used to transform Kluyvero­
myces lactis (13) and�- fragilis (14). 
Even though yeast is an important bridge for genetic 
information transfer between prokaryotes and higher eukaryotes 
its complex machinery can not be ignored. Yeast . cells contain 
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distinctly eukaryotic proteins (histones , actin , tubulin and 
hormones) as well as macromolecular assemblies or organelles 
that resemble those of higher eukaryotes. For example yeast 
contains a nuclear membrane , mitochondria , 80s ribosomes , rough 
endoplasmic reticulum and golgi apparatus. Yeast lysosomes and 
genetic material are confined to the nucleus in the form of 
chromatin. Genetic material is organized on many chromosomes , 
each of which possesses a centromer , two telomeres , and 
multiple sites of DNA replication (47) . 
All of these complexities of the yeast cell prompted 
new theories to explain the fate of the 2 urn DNA. Some (23 , 26) 
proposed that the inverted repeat sequence present in 2 urn DNA 
had the function of promoting integration into the chromosome 
in the same way that certain repeated sequences in bacterial 
plasmids ( 2 , 54) integrated those plasmids into the bacterial 
chromosome. Hybridization tests of labelled 2 urn plasmid DNA 
added to restriction fragments of linear yeast DNA separated on 
agarose gels showed that the plasmid DNA was not stably 
integrated into yeast chromosomal DNA (6). This finding 
provided the impetus for the construction of yeast plasmids 
carrying genes that would maintain the ·plasmid in the yeast 
cell in the presence of positive selective pressure. For 
example a plasmid containing a tryptophane gene (TRPl) was made 
and this was used to transform a yeast strain auxotrophic for 
tryptophane (18). Pressure was supplied by leaving out 
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tryptophane from the plating medium. In another case a plasmid 
was constructed with a leucine gene (LEU2) and this was used to 
transform a leucine lacking yeast strain (36) . 
H istory a n d  Con str uction of p N F2 P l asmid . The pNF2 
plasmid is a shuttle plasmid that was constructed by Friedberg 
(19). 
r 
He inserted the kan marker present in pMC874 (9) 
into the BamH1 site of YEP24 (4). This plasmid was designated 
pNF1. Then he inserted Sal1, BamH1 and Sal1 sites into pNF1 
producing pNF2. He later demonstrated that this plasmid 
transforms both E. coli and S. cerevisiae and confers resis-
tance to the antibiotic G418 in S. cerevisiae. 
Antib iotic Ma rkers  Used a s  Se lective A gents. 
Industrial yeast strains are polyploid and genetically stable; 
consequently, it is very difficult to obtain auxotrophic 
markers in such strains. 
fungicides such as 
Furthermore, even the use of 
methyl-benzimidazole-2 -yl-carbamate 
(benomyl) has not been successful in selecting for auxotrophic 
industrial yeast strains (46). Therefore other means of 
selection were explored such as ant-ibiotic sensitivity .  
Various antibiotics including gentamicin, lincomycin, and 
neomycin were studied, and the response to the 
aminoglycoside-2-deoxystreptamine, geneticin G418 (15), was 
found to be the most interesting (38) . The antibiotic G418 has 
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been found to  have a broad spectrum of activity against 
bacteria , yeast, fungi, algae, and plant and animal cells. The 
concentration of G418 required for inhibition of these various 
organisms varies from 5 ug/ml or less for bacteria and algae to 
300-500 ug/ml or less for animal cells (15) . The yeast K. 
fragilis was found to be sensitive to G418 at a concentration 
of 50 ug/ml (14) . In eukaryotic cells G418 interferes with the 
function of 80s ribosomes and blocks protein synthesis (46) . 
Davies and Jimenez ( 15) found that bacteria producing 
3'-o-aminoglycoside phosphotransferase enzymes were resistant 
to G418. Two of these trans_ferases, types I and II were found 
to be encoded by the transposable element TnS and Tn601, 
respectively. They constructed plasmids using these transpo-
sons and transformed S .  cerevisiae cells to G418 resistance 
(29). 
U se of LacZ Gene. The lacZ gene is an important 
part of the E. coli lac operon. It is responsible for the 
production of B-galactosidase ( 52 ) which catalyzes the 
breakdown of lactose to glucose and galactose. The enzyme also 
degrades the chromogenic indicator 5-bromo-4-chloro-3-indolyl 
B-D-galactoside (X-Gal) to a blue colored end product. The 
latter response is useful in testing for B-galactosidase in E. 
coli and yeast strains suspected of having the lacZ gene. 
Plasmids containing the lacZ gene have been constructed and 
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used to trans form S. cerevis iae ( 17) . Dickson constructed a 
plasmid containing the gene coding for B-galactosidase from �· 
lactis and a selectable bacterial marker for resistance to the 
antibiotic G418. B-galactosidase activity was detected in the 
transformed S. cerevisiae. 
Vector . 
Lambda B acteriophage a nd its Uti l i zation a s  a C lon i n g  
After infection of �. coli temperate phage such as 
lambda grow lytically or lysogenize the host cell. The lambda 
genome has been well characterized and genes necessary for 
lytic and lysogenic growth have been identified and mapped . In 
addition to the genetic map, a detailed restriction map of the 
lambda genome for different restriction enzymes has been 
constructed. The strategy that was used to convert the lambda 
genome into a cloning vector, was to drastically reduce the 
number of restriction sites on the genome (50, 3). One such 
vector that was made successfully in this way was termed lambda 
gt11 and it was constructed by Young (52) . Lambda gtl l  is a 
derivative of lambda gt7-lac5 and lambda gt4. To construct this 
phage, lambda gt7-lac5 DNA and lambda 540 DNA were cleaved with 
Hindi i i  and the fragments were pooled and ligated with T4 DNA 
ligase as described by Young (52). The desired recombinant was 
isolated by transfecting E. coli cells with the ligation 
mixture and plating the transfected cells on X-Gal agar. Blue 
plaques identified the sites of the appropriate recombinant 
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phage. The lambda gt7-lac5-lambda 540 hybrid was then cros sed 
with lambda gt4 and recombinants were scored by the formation 
of clear blue plaques on X-Gal plates.  
Lambda gtll is useful for amplification of lacZ 
because it produces a high copy number of particles (1010 
PFU/ml) and a consequent high copy number of the gene. The gene 
is removable from the gtll genome by KpNl and BamHl restriction 
thus, making this lambda useful in this research. 
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MATE R I A LS A N D  METHODS 
Stra ins. S. cerevisiae Y45 and Y6 (positive for 
glucose and negative for lactose fermentation) are industrial 
strains used in our facilities for ethanol production. The Fink 
strain (same phenotype as above for the sugars) is used in our 
laboratory in genetic and physiological studies. To maintain 
stocks , the yeast were grown overnight at 30 ° C in YPD ( 1% 
yeast extract , 2% peptone and 2% glucose) and the cultures were 
stored in 2 ml screw cap glass tubes in 15% glycerol at -70° C. 
E. coli strains LG99 (genotype: F- �lac- pro XIII) 
(22) and LE392 {genotype: F-hsdR514 (r- m- ) k k supE44 
supF58 lacY1 or �lac (IZY)6 galK2 galT22 metBl trpR55 lambda-} 
( 33) were purchased from ATCC. To maintain stack cultures , 
these strains were grown at 3 7 ° C overnight in LB ( 1% yeast 
extract , 0. 5% NaCl and 0. 5% tryptone) and the cultures were 
stored as above. 
P l asm id  D N A. pNF2 plasmid was constructed by 
Friedberg (19) and contains ampicillin resistance (Arnpr), 
r Kan and URA3 genes as well as the �· cerevisiae 2u origin 
of replication. The 2u origin facilitates subcloning and 
r recovery of the plasmid in �· cerevisiae, and the kan gene 
confers resistance to the antibiotic G418 in the yeast (19). 




tion site flanked immediately on each side by Sail sites. It 
was purchased from ATCC in E. coli HBlOl and was maintained in 
the E. coli strain the same way that �. coli LG90 was main­
tained. 
Lambda Ph age . Lambda gtll (genotype : lacS ninS 
c1857 SlOO) was constructed by Young (52) and contains the lacZ 
gene. The genome of this phage contains 43.7 kbp. Lambda gtll 
was purchased from ATCC harbored in E. coli C600. Strain C600 
was grown at 30° C on LB medium. 
Chemica l s . T4 DNA ligase , KpNl and BamHl were 
purchased from New England Bio-Lab. G418 (geneticin-sulfate) 
Cont. No. 77N3147 was purchased from Gibco and X-Gal 
(5-bromo-4-chloro-3-indolyl B-D-galactoside) was purchased from 
Bachem Inc . Most of the other chemicals were purchased from 
Sigma. 
_s_ .  cerev i s iae Y45 a nd_£. col i LG90 G rowth C u rves . A 
2 liter flask containing 500 ml YPD medium was inoculated with 
5 ml of an overnight culture of Y45 grown in YPD and the flask 
was incubated at 30° C and 140 rpm. Samples were taken every 
half hour over a 10 h period for OD (S90 nm) and viable count 
determinations. 
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For �· col i  LG9 0, a 2 liter flask containing 500 m l  LB 
medium was inoculated with 5 ml of an overnight culture of LG9 0 
grown in LB and the flask was incubated at 37° C and 140 rpm. 
Samples were taken as above over a 6 h period . 
Y45 C a rbon A s s im i l ation Stud ies . An overnight grown 
colony of Y45 on a YPD plate was suspended in 2 ml  of sterile 
water . Then 0 . 1  ml  of this suspension was added to each of two 
250 m l  side arm flasks containing 60 ml of filter sterilized 
Difco assimilation medium (O. 1% yeast nitrogen base without 
amino acids and ammonium sulfate, 0. 5% ammonium sulfate, 0 . 001% 
L-histidine, 0 .  002% DL-methionine and 0 .  002% DL-tryptophane) . 
To one flask 2% filter sterilized alpha-lactose was added and 
to the other 2% filter sterilized D-glucose . The flasks were 
incubated at 30° C and 140 rpm and growth was monitored by 
taking OD readings at 520 nm at different intervals over a 10 h 
period . 
G41 8 Dosage Effect on Y45 . The effect of G418 
dosage on Y45 was carried out in two parts . First to determine 
the range where resistance to the antibiotic occurred, 7 flasks 
containing 50 ml of YPD molten agar and 0, 50, 100, 150, 200, 
250 and 300 ug/ml, respectively of G418 were inoculated with 
0 . 1  ml  (about 1400 cells) of a 10-5 dilution of an 
overnight culture of Y45 . The G418 was prepared in distilled 
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water as a concentrate, fi lter sterilized and added aseptical ly 
to the molten agar. After inoculation, each SO ml  amount of YPD 
was divided equally into two plates and the plates were 
incubated at 30 ° C. Co lonies on the dup l icate plates were 
scored after 72 h. The rate of Y4S killing with various lethal 
concentrations of G418 was determined by inoculat ing 11 flasks 
of YPD agar (SO m1) containing 0, 10, 20, 30, 40, 50, 60, 70, 
80, 90 and 100 ug/ml, respectively of G418 with 0.1 ml (about 
1400 cells) of a 10 
-S 
diluted overnight culture of Y45 
grown on YPD and pouring dup l icate plates . The plates were 
incubated as above . 
La rge Sca le  Lambda gtl l Part ic le P rod uct ion. A 250 
ml  flask containing 100 ml LB medium was inoculated with 1 ml 
of an overnight culture of LE392 (bacteriophage host). The 
LE392 inoculum was grown on LB . The inoculated flask was 
incubated with shaking (140 rpm) at 37° C until an OD at 590 nm 
of 0. 5 was reached (about 6 h) . A 0 . 3  ml sample of the LE392 
culture was added to 0 . 3 ml of a 4° C salt solution containing 
0.01 M MgC12 and 0 . 01 M CaC12 . To this, 1 ml (1x1010 
PFU/ml) of lambda gt11 particles in LB medium was added . Phage 
particles were obtained following ATCC instructions. After 10 
min preabsorption the total was added to 250 ml o f  LB in a two 
liter f lask. For absorption and growth of lambda gt11, the 
B lattner method (3) was followed. Titration of  bacteriophage 
was accomplished by a method described by Davis (16)� 
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Concentration of Lambda gtl 1 P a rtic les . The lambda 
gt11 particles in 250 ml LB (1x1010 PFU/ml) were sedimented by 
centrifugation (45, 000 xg, 4° C, 3 h) . The resulting phage 
pellet was resuspended in 10 ml phage buffer (0.1 M NaCl, 0.01 
M MgS04
, 0.02 M Tris-HCl, pH 7.5) at 4° C with shaking 
overnight. The suspension was centrifuged at 10, 000 xg for 10 
min at 4° C to remove bacterial cell debris. The clarified 
phage suspension was adj usted to 10 ug/ml of DNase and RNase 
(Sigma) and the mixture was incubated statically for 1 h at 
room temperature. This procedure is described by Puhler (39) . 
E xtraction and Pu rification of Lambda gtl l D N A . 
Lambda gt11 DNA from the clarified phage suspension treated 
with the nucleases was extracted by phenol-chloroform treatment 
followed by ethanol precipitation as described by Maniatis 
(35) . The DNA was purified by High Pressure Liquid Chromatogra­
phy (HPLC) on hydroxylapatite (Bio-Rad catalog # 125-0175, 
serial # 6732) as described by Johnson (31). The column was 
connect ed to a Waters model M-6000A high pressure liquid 
chromatography system. The procedures and parameters were 
similar to HPLC of plasmid pNF2 DNA described below. The 
lambda gt11 DNA fractions (pooled volume of 2 ml) were desalted 
by the addition of 2 volumes of -20° C ethanol followed by 
centrifugation (12, 000 xg, 20 min, 4° C). The DNA pellet was 
resuspended in 1 ml 50 : 50 glycerol : water and stored at -20° C. 
18 
Using a Beckman model DU spectrophotometer, the OD at 260 nm 
was determined to find the DNA content (ug/ml) . This lambda 
gt11 DNA was used as the source of lacZ in the construction of 
pBW314 . 
E xtraction and P u r ification of P l asm ids  p N  F2 and 
p BW31 4 from E .  col i  H B 1 01 . A two liter flask containing one 
liter of LB broth and 50 ug/ml of ampicillin was inoculated 
with 10 ml of an overnight culture of �· coli HB101 harboring 
pNF2 or LG90 harboring pBW314 (inoculum grown on LB and 
ampicillin). The flask was inc.:ubated at 37 ° C on a gyratory 
shaker (New Brunswick model 25) at 180 rpm until the culture 
reached the stationary phase. Plasmid extraction was carried 
out by an alkali treatment method developed by Brook (5). The 
plasmid (suspended in 1 ml of 8 M urea) was subsequently 
purified by HPLC on a hydroxylapatite column as above . The 
purification was a modification of the method of Johnson (31) . 
All solutions used in the HPLC were filtered through a 0 .  2 
micron Millipore filter and degassed for 15 min. The crude 
plasmid was dis solved in 1ml of an 8 M urea solution (8 M urea, 
0 . 25 M NaH2Po4, pH 6 . 8) and 100 ul was applied to the 
hydroxylapatite column. The column was subsequently washed for 
1 h with the 8 M urea solution . The flow rate was 0 . 4 ml/min . 
After the wash, a 0. 01 M NaH2Po4 (containing 0 .  OS M 
CaC12) to 0 . 5  M NaH2Po4 (containing 0 . 001 M 
19 
CaClz) (pH 6. 8) linear gradient was added to the column. 
This was programmed using the Waters solvent programmer model 
660. The time of the linear gradient was set for 1 h and the 
eluant was monitored with a SF 770 spectroflow monitor set at 
Z60 nm .  The eluant was collected in 0. 5 ml fractions. The 
plasmid fractions (pooled volume 1 ml) were desalted by the 
addition of Z volumes of -Z0° C ethanol and centrifugation 
(1Z, OOO xg, ZO min, 4° C) . The DNA pellet was resuspended in Z 
ml 50 : 50 glycerol : water and stored at -Z0° C. The pNFZ plasmid 
was used in construction of pBW314. The DNA concentration of 
the plasmid containing mixture �as quantitated using a Beckman 
model DU spectrophotometer and the OD values at Z60 nm were 
converted into DNA content values (ug/ml). 
Aga rose Gel  Electrophores i s . Gels of 0. 7% agarose 
were prepared by adding 1.4 g of agarose (Sea Kern) to 200 ml of 
0.089 M Tris-borate buffer (pH 8.0, 0.002 M EDTA-disodium 
salt) . Typically gels were made with 10 wells. Prior to 
electrophoresis the gel was submerged horizontally in the 
Tris-borate buffer on an electrophoresis bed (manufactured by 
Aquebogue Machine Shop) . DNA samples of 20 ul- (approximately 10 
ug of lambda gt11 or plasmid pNF2, or plasmid pBW314) mixed 
with 10 ul of glycerol-dye (50% v/v glycerol, SO% v/v water, 
0.25 mg/m1 bromophenolblue) were applied to gel wells. Samples 
were then electrophoresed for 12 h at 70 volts at room 
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temperature. Gels were removed following electrophoresis , 
submerged in 200 ml Tris-borate buffer and ethidium bromide was 
added to a final concentration of 0. 5 ug/ml. Gels were s tained 
with ethidium bromide for 45 min and then were removed and 
washed twice for 20 min (each time) with 200 ml dis tilled water 
to remove excess dye. Gels were viewed under a U.V. source for 
DNA bands and pictures were taken using type 55 P/N Polaroid 
film with a Crown Graphic camera equiped with a Wratten filter 
model K2 series 4 .  The f stop was set at 11 and the exposure 
time was 2 min. 
Lambda gtl l D N A  Restr iction and I nsertion of LacZ 
Fragment i nto the pNF2 Restriction S ite .  A 10 ul sample of the 
-20° C stored lambda gt11 DNA (1. 8 ug) was restricted with KpN1 
(2 units) and BamH1 (2units) for 1 h as described by Maniatis 
(35). The res triction enzymes were denatured by heat (70 ° C, 5 
min) . A 10 ul sample of the -20 ° C stored pNF2 plasmid (0.9 
ug) was also restricted with BamH1 and heat denatured using the 
same method. Then the restricted lambda gt11 DNA (volume about 
20 ul) was added to the restricted pNF2 (volume about 15 ul). 
To this preparation 10 ul of 10 mM ATP, 10 ul of 40 mM DTT and 
2 ul (800 units) of T-4 DNA ligase was added. The ligation 
mixture was then incubated at 4 ° C overnight to complete the 
ligation. 
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P repa ration of Competent .f .  LG90 Cel l s . 
Competent LG90 cells were prepared by O, Connell's (37) method. 
The 1 ml samples of compet ent cells prepared by this method 
were stored in 0.1 ml amounts in 0.5 ml microfuge tubes at -70° 
c. 
Tra n sformation of E .  col i LG90 and S .  cerev i s i ae 
Stra i n s  Y45 , YG a n d  F i n k  w ith p BW31 4 .  The hybrid plasmid 
mixture constructed by insertion of various lambda gt11 DNA 
fragments into pNF2 (57 ul) was used to transform E. coli LG90 
competent cells following 0' Connell ' s method (37) . The 
transformation mixture was plated on LB agar containing X-Gal 
(SO ug/ml) and ampicillin (150 ug/ml) . The plates were 
incubated at 37° C for 24 h and blue colonies were scored. 
For transformation of S. cerevisiae strains crude 
pBW314 extracted from E. coli LG90 was used. Brook ' s method (5) 
was used to extract the crude pBW314. Yeast cells of the 
various strains were grown on 100 ml of YPD medium in 250 ml 
flasks at 30° C and 140 rpm. At late log phase (OD at 590 nm 
of 2 to 3) cells were harvested by centrifugation at 1, 000 xg 
for 5 min. Cells were washed with SO ml 0. 2 M lithium acetate 
and resuspended after centrifugation in 10 ml of the same 
solution. Washed cell suspensions were incubated at 30 ° c and 
140 rpm for one h. A 0.1 ml sample (1x104 cells) was removed 
from each flask into a 0 . 5  ml microfuge tube and 20 ul of 
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pBW314 (420 ug/ml) was added to the cells. To complete the 
transformation the mixture was treated as described by Ito 
(28) . Transformed yeast cells were added to 5 ml molten YPD 
agar (1%) and the total was then poured on a YPD agar plate 
containing 150 ug/ml G418. The plates were incubated at room 
temperature for 48 h and colonies were scored. 
G rowth of Tran sformed a n d  Non-tra n sformed _s_. 
cerev i s iae Y45 on  YPD a n d  YPL . Two 250 ml side arm flasks 
containing 100 ml of YPD and YPL (1% yeast extract, 2% peptone 
and 2% alpha-lactose) respectiv�ly were each inoculated with 
2 . 7x104 cells of pBW314 transformed Y45 (G418 added) . The 
inoculum cells were grown on YPD agar containing 100 ug/ml 
G418. Two other 250 ml side arm flasks with YPD and YPL were 
inoculated with one colony of non-transformed Y45 grown on YPD 
agar. All 4 flasks were incubated at 30° C with 180 rpm and OD 
readings at 590 nm we re taken during a 30 h period at different 
intervals. 
Extraction of P lasm i d  DNA from Yea st . Plasmid 
pBW314 in transformed S. cerevisiae strain Y45 was extracted by 
a modification of the method of Lorincz (34) . A colony of Y45 
transformed with pBW314 was inoculated into a 250 ml flask 
containing 100 ml YPD and 100 ug/ml G418. The flask was 
incubated at 30° C and 140 rpm overnight. A 5 ml sample of the 
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yeast culture was harvested by centrifugation ( 7, 000 xg, 10 
min) and the pellet was resuspended in 1 ml of 100 mM NaCl, 10 
mM Tris-HCl, pH 8.0, 1 mM EDTA and 1% SDS. Glass beads (1/2 the 
volume) were added and the culture was vortexed for 1 min. The 
yeast lysate was extracted first  with phenol and then with 
phenol : chloroform (50 : 50) . The supernatant containing the 
plasmid was ethanol precipitated. 
P lasmid p BW31 4  Pers i stence i n  Absence of G41 8 .  A 
250 ml side arm flask containing 100 ml YPD was inoculated with 
2 .  7x104 cells of pBW314 transformed Y45. The inoculum cells 
were grown on YPD agar containing 100 ug/ml G418. S. cerevi-
siae Y45 transformed with pBW314 was also grown on YPL under 
the same conditions.  Flasks were incubated at 30° C and 180 
rpm for 30 h and 5 ml samples were taken at 2 h intervals. 
Yeast cells from both media were extracted for the plasmid as 
des cribed above. 
ON PG Tests on _£_. col i LG90 and _s_. ce rey i s i ae Y45 
Tra n sformed w ith p BW31 4 .  E .  coli LG90 harboring pBW314 was 
grown overnight at 37 ° C and 140 rpm in 100 ml LB (250 ml 
flask) containing 50 ug/ml ampicillin. A 2 ml sample of the 
culture was toluenized by the addition of one drop of tolune 
and the mixture_was incubated at room temperature for 10 min. 
Then 0.5 ml of the toluenized culture was added to a mixture of 
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1.5 ml of 0.01 M ONPG (ortho-nitrophenyl-B-D-galactoside) and 4 
ml of 0.067 M sodium phosphate buffer (pH 7.0) and OD readings 
at 420 nm were taken at 30 sec intervals for 10 min. For a 
control a 2 ml culture of non-transformed LG90 was tested by 
the same method. 
The ONPG test on pBW314 transformed Y45 was carried 
out using the same procedure as above. 
A lcoh ol P roduction a n d  Tolerance Tests on p BW314 
Tran sformed a nd Non -tra n sformed Y45 . To five 250 ml flasks 
containing 100 ml of 1% yeast extract and 2% peptone was added 
D-glucose to final concentrations of 10, 15, 20, 25 and 30%. 
All flasks also contained G418 at 100 ug/ml. Each flask was 
inoculated with 1 ml of an overnight culture of pBW314 
transformed Y45 grown on YPD (G418 added ) . A 250 ml flask 
containing 100 ml Of 1% yeast extract, 2% peptone, 20% 
alpha-lactose and the same concentration of G418 was also 
inoculated with 1 ml of the culture. Flasks were incubated at 
30° C with occasional shaking for 4 days . A 5 ml aliquot of 
each culture was removed at the end of incubation and ethanol 
was measured by an AOAC method (27). The same procedure was 
also used to test for alcohol production and tolerance of 
non-transformed Y45 except here no G418 was added to the YPD or 
YPL media. 
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R ES ULTS 
Con struction of P l asmid pBW31 4. A large mass of lambda 
gt11 particles (lxl010 PFU/ml) prepared by Blattner's method (3) was 
obtained for extraction of the lambda genome. The particles were 
treated with phenol to release the genome which was then ethanol 
precipitated and purified by HPLC on hydroxylapatite as described by 
Johnson (31) . The DNA from HPLC was concentrated by ethanol 
precipitation and the final preparation which contained 180 ug DNA 
was used as the source of the lacZ gene. Restriction of the lambda 
gtll genome with KpNl and BamH1 pro4uced 5 fragments one of which 
was lacZ. The lacZ fragment was separated from the four others by 
electrophoresis as shown in Fig. 1. 
Plasmid pNF2 was extracted from E .  coli HB101 by alkali 
treatment (5) . The plasmid was subsequently purified by HPLC on 
hydroxylapatite and the final preparation contained 90 ug/ml DNA. It 
was used as the vector for lacZ. 
The insertion and ligation of the five gt11 fragments into 
the BarnHl restriction site of pNF2 produced a library of hybrid 
plasmids, as shown on Fig. 2. KpN1 and BamH1 produce compatible 
cohesive ends (35) which means that a DNA fragment·having one end of 
each type is insertable into a BamH1 site. Thus the 7. 39 kbp lacZ 
fragment which had ends like this should have experienced no 
difficulty in being inserted into the BamHl restriction site of 
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of DNA equivalent to pNF2 plus the lacZ fragment is seen (Fig. 2) . 
The DNA is approximately 7 kbp larger than pNF2. Fig. 3 summarizes 
the steps involved in the construction of pBW314. 
Tra nsformation of LG90 .  PBW314 obtained by the insertion 
of the lacZ fragment of lambda gtll into pNF2 plasmid was used to 
transform competent cells of E. coli LG90. This particular E. coli 
strain was chosen because it was lacZ- and amp-. The transformation 
mixture was plated on LB agar containing X-Gal (SO ug/ml) and 
ampicillin (150 ug/ml) and the appearance of blue colonies was 
scored after incubation at 37° C for 24 h. Fig. 4 shows some of the 
blue colonies that developed here on the X-Gal agar. Growth from a 
representative blue colony was streaked on LB agar containing SO 
ug/ml X-Gal and SO ug/ml ampicillin and after 24 h incubation the 
plate was checked for blue colonies (Fig. S). This was done to 
isolate transformed cells from single colonies. 
Tra n sformation of Yea st Stra i n s . The pBW314 plasmid was 
alkali extracted (S) from transformed LG90 for transformation of S. 
cerevisiae strains Y4S, Y6 and Fink. All 3 strains acquired 
resistance to G418 which suggests that these strains did indeed 
receive pBW314. Since the transformants were resistant to high 
concentrations of G418 (150 ug/ml) any possibility of mutation was 
ruled out ( 30) . The transformed Y4S strain did not produce blue 
colonies on YPD containing SO ug/ml X-Gal and G418. This meant 
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genes and BamHl restriction site. 
D) pBW314 with lacZ, Kanr, 
Ampr and URA3 genes. 
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either that no B-galactosidase was produced or the cell was not 
permeable to the B-galactoside (X-Gal). 
P rope rties of � col i LG90 Tran sformed with pBW314. LG90 
is the lacZ- E. coli strain which was used in this study as a DNA 
vector host. The growth characteristics of �- coli LG90 on LB medium 
were determined as shown in Fig. 6. The information obtained from 
this gr�wth curve was used in competent cell preparation for 
harvesting of the cells at the exponential phase. A viable count 
made at the same time was used to relate the OD at 590 nm to number 
of cells /ml. 
E. coli LG90 transformed with pBW314 produced blue 
colonies on X-Gal agar (Fig. 4) and also acquired resistance to 
ampicillin. To further study the B-galactosidase activity of the 
transformed LG90, an ONPG hydrolysis test was done. The results of 
the ONPG test on transformed and non-transformed LG90 strains are 
shown in Fig. 7. The control, non-transformed LG90, did not show any 
ONPG hydrolysis, while the transformed LG90 showed a rapid ONPG 
hydrolysis (Fig. 7) thus indicating the presence of a functional 
B-galactosidase in the transformed LG90 strain and its absence in 
the non-transformed strain. 
PBW314 after alkali extraction from E. coli LG90 was 
purified by HPLC on hydroxylapatite. Fig. 8 shows that pBW314 eluted 
from the HPLC column 30 min after the start of a 0. 01 to 0. 5 M 
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closed circular (CCC) DNA (20) and was useful for size approximation 
because there was no interference from nicked plasmid or chromosomal 
DNA. 
PBW314 purified by HPLC was electrophoresed against 
molecular weight standards . As shown on Fig. 9 pBW314 banded midway 
between the 9 and 23 kbp fragments of the standard . This indicates 
the pBW314 was about 7 kbp larger than pNF2 which banded between the 
6 kbp a�d 9 kbp fragments of the standard shown on Fig . 13 . Fig. 9 
also shows a chromosomal DNA band which eluted from the hydroxylapa­
tite column 10 min into the linear NaH2Po4 gradient . 
P roperties of � ·  cerevis iae Y45 . Non-transformed Y45 was 
studied for its ability to ferment glucose and lactose. The results 
shown in Fig . 10 indicate that Y45 was unable to use lactose while 
under the same conditions it was able to use glucose as a carbon 
source. Since Y45 did not ferment lactose .it was assumed to lack the 
lacZ gene or any other lactose gene and therefore be a suitable host 
for lacZ transformation . 
Y45 growth readings on glucose besides being useful for 
comparison of glucose growth to lactose growth also provided 
valuable information for genetic transformation. In transformation , 
logarithmic phase cells were required for the rapid uptake of 
plasmid and growth readings were necessary to identify that phase. 
Also at this stage - of growth more cells are in the anaphase of 
mitosis which increased the chance of the plasmid integrating into 
46 
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Fig. 10. Utilization of glucose and lactose by S. 
cerevisiae Y45 in a synthetic medium . An overnight colony of Y45 
grown on YPD was suspended in 2 ml of sterile water and 0.1 ml of 
this was added to each of two 250 ml side arm flasks containing 60 
ml filter sterilized Difco assimilation medium (see page 14 
"Materials and Methods "). One flask contained 2% glucose and the 
other 2% lactose .  The flasks were incubated at 30° C and 140 rpm and 
growth was monitored by taking OD readings at 520 nm over a 10 h 
period. Symbols ; ---- OD of Y45 on glucose, * - *  OD of Y45 on lactose 
medium. 
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the chromosomal DNA (In anaphase there is no nuclear membrane so the 
plasmid once passed the cell membrane is in direct contact with the 
chromosomes). From viable counts that were made at the same time 
that OD readings were being taken the population size for various OD 
. readings was ascertained . From this information the number of cells 
receiving plasmid DNA in transformation was directly determinable. 
Fig. 11 shows the growth curve and viable cell count for S. 
cerevisiae Y45. 
Y45 was also studied for G418 sensitivity . The kanr 
gene of pNF2 was assumed to be able to confer resistance in Y45 to 
G418 ( 19) . It was necessary however, to find out how sensitive 
non-transformed Y45 was to G418 . The results of a G418 dosage test 
are shown in Fig. 12. They indicate that none of the inoculum cells 
(about 1400 cells) was able to survive a G418 dose greater than 60 
ug/ml. Therefore 60 ug/ml of G418 or any higher concentration was 
assumed to provide a lethal dose (Fig. 12) .  
P roperties of �- cerev i s i ae Y45 Tra n sformed w ith p 8W31 4 .  
PBW314 was extracted from transformed S. cerevis iae Y45 cells by 
shaking with glass beads (34) , the extract was phenol treated to 
remove protein and the product was electrophoresed on a 0 . 7% agarose . 
gel . This was done to see if indeed the plasmid was present in the 
S. cerevisiae strain . Fig . 13 shows the electrophoretic profile of 
DNA from this Y45 strain . A plasmid band corresponding to pBW314 
did appear and is shown in the same gel as pNF2. Its position 
5 0  
Fig. 11. Growth of S. cerevisiae Y45 on YPD medium. A 5 ml 
culture grown overnight on YPD (1% yeast extract, 2% peptone, 2% 
glucose) , was used to inoculate 500 ml YPD in a 2 liter flask . The 
flask was incubated at 30° C and 140 rpm for 11 h. Symbols , * - * OD 
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Fig. 12. The dose response of �· cerevisiae Y45 t o  various 
concentrations of G418 geneticin sulfate. Each of a series of flasks 
containing 50 ml molten YPD agar and 0 - 100 ug/ml of G418 (count . 
no. 77N3147) was inoculated with 1, 400 cells of an overnight YPD 
culture of Y45 . The contents of each flask was divided equally into 
2 plates and after the agar had hardened the plates were incubated 
at 30 ° C for 72 h and scored for colonies . Viable cell count is the 
average number of colonies/plate from the two plates. 
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Fig. 13. Electrophoretic comparison of plasmid pBW314 with 
plasmid pNF2. Lane 1 shows the standard, an electrophoresed lambda 
c1857s7 DNA (2. 3 ug) complete Hindi i i  digest . Lane 2 shows 
electrophoresed DNA (30 ul) from �- cerevisiae Y45 transformed with 
pBW314 extracted by glass bead lysis and phenol treatment . Lane 3 
depicts electrophoresed DNA (30 ul) alkali extracted from E. coli 
HB101 transformed with pNF2 . Electrophoresis was on a 0. 7% agarose 
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indicates that i t  i s  about 7 kbp larger than pNF2. When non­
transformed Y45 was tested no band like the pBW314 band was seen. 
When Y45 transformed with pBW314 was grown on YPD 
containing 50 ug/ml X-Gal no blue colonies were produced. To see if 
this meant that the strain was not able to use lactose for growth, 
it was put in YPL (lactose) and its response here was compared to 
the response on YPD (glucose). G418 was added to both media. 
Non-transformed Y45 was also  tested in the same media. The results 
shown in Fig. 14 indicate that while both strains grew well on YPD, 
neither grew very well on YPL. The small amount of growth on YPL was 
nearly identical for both strains. 
The growth responses on X-Gal and YPL indicated that 
either the lacZ gene was not functional in transformed Y45 or that 
it was functional but the yeast cell was impermeable to lactose. To 
test the latter idea, toluenized cells of the transformed strain 
were checked for ONPG hydrolysis. The . results showed that no 
B-galactosidase was produced (no change in OD was observed) by the 
transformed Y45 thus indicating that the lacZ gene was not func­
tional. 
PBW314 persistence in transformed � ·  cerevisiae Y45 in the 
absence of the selective agent was studied. An overnight culture of . 
the strain grown on YPD containing 100 ug/ml G4 18 was used to 
inoculate 100 ml YPD without G4 18 and the culture was incubated at 
30° c for 30 h. Samples were taken at 2 h intervals and tested for 
the plasmid by glass bead lysis and agarose gel electrophoresis 
5 7  
Fig. 14. Effect of plasmid pBW314 on glucose and lactose 
growth of S. cerevisiae Y45. Fl asks containing 100 ml of YPD (see 
Fig. 11) and YPL (2% lactose) were inoculated with 2. 7x104 cells of 
Y45 transformed with pBW314 (100 ug/ml G418 present) . One colony of 
non-transformed Y45 grown overnight on a YPD plate was used to 
inoculate a second YPD flask and another colony from the same plate 
was used to inoculate a second YPL flask. The 4 flasks were 
incubated at 30° C with 180 rpm and OD readings at 590nm were taken 
during a 30 h period. Symbols ; - transformed, ----- non-
transformed Y45 on YPD and - - - transformed, * -* non-transformed 
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(34) . What was found was that the plasmid did not persist after 10 
generations. Previous to that an estimate could not be made on 
plasmid presence or absence because not enough cells were available 
for adequate plasmid testing . 
PBW314 transformed Y45 was analyzed for ethanol production 
and tolerance on 10 to 30% glucose . This test was done to find out 
whether the transformed Y45 strain produced more ethanol or had a 
higher tolerance to ethanol than the non-transformed Y45 strain. 
Table 1 shows how this strain compares to non-transformed Y45. The 
results indicate that the transformed strain produced less alcohol 
except at the lowest glucose level . The decrease of alcohol 
production by the transformed yeast may have been caused by the G418 
present in the medium (51) . No G418 was present in the growth medium 
used for non-transformed Y45 . 
Both transformed and non-transformed Y45 when grown on 20% 
lactose produced only a very small amount of alcohol, 0 .  26% . This 
indicates that there was no change in alcohol production on lactose 
as a result of genetic transformation with pBW314 . The results also 
indicate that the plasmid pBW314 offers no advantage to S. cerevi­
siae in lactose or glucose fermentation . 
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TABLE 1 .  T h e  e f f e c t  o f  plasmid pBW3 1 4  on alc oho l produc t ion and 
t o leranc e  of S .  c e r evi s iae Y45 grown on 1 0  to 3 0 %  gluc o s e . 
% Gluc o s e a 
Tran s f o rme d Y 4 5b 
Non- t ran s f o rme d Y45 
1 0  
4 . 8 4 
4 . 4 2 
% alcoho l 
1 5  
6 . 2 2 
6 . 2 2 
2 0  
7 . 3 4 
8 . 60 
2 5  
6 . 9 2 
9 . 3 0 
30 
8 . 4 6 
9 . 4 6 
aypn me dium ( 1 %  yeas t extrac t , 2 %  pe p t one and 1 0  t o  3 0 %  g luco s e )  
bypn me d ium containing 1 00 ug /ml G4 1 8  
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D I SC U S S ION 
Overa l l  Objectives . The first obj ect ive of this study was 
to excise the lacZ gene from the lambda gt 11 genome. This was 
accomplished by 1. ) growing and harvest ing lacZ harboring lambda 
gt11 particles. 2. ) extracting and purifying lambda gt11 DNA, and 
3. ) restrict ing the purified lambda gt11 DNA to remove lacZ from the 
phage genome. The next obj ect ive was to recover and purify pNF2 
from E .  coli HB101. This was accomplished by 1. ) growth of E .  coli 
HB101 carrying pNF2 and extraction of the pNF2, and 2. ) concentra­
tion and purification of pNF2. To accomplish the next obj ect ive, 
construct ion of pBW314, the lacZ gene was inserted into the pNF2 
plasmid. The final obj ective of this research was to trans form S. 
cerevisiae with the plasmid. This was accomplished by 1. ) amplifi­
cation of the plasmid in £; .  coli LG90 and its recovery , and 2. ) 
genetic transformation of §. cerevisiae with this plasmid. 
The plan thereafter was to employ the l acZ trans formed S. 
cerevisiae strain in ethanol production using cheese whey as the 
substrate. Unfortunately, the lacZ gene in the transformed S. 
cerevisiae strain was not trans cribed or translated and therefore 
the strain was not useful in ethanol production from cheese whey. 
Adva ntages of Lambda gtl l as a Sou rce of LacZ Gene . 
LacZ is an E. coli gene for B-galactosidase (43) . It can be excised 
directly from the E. coli chromosome and inserted into a plasmid as 
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was done by Shine (43) . LacZ has also been inserted into bacteria-
phage lambda gtll genome (52) . Phages carrying the � · coli gene for 
B-galactosidase (lacZ) have been found useful for gene cloning where 
foreign DNA has been inserted into the phage genome (3) . Phages are 
also useful for amplification of the lacZ gene , since they can be 
produced at high copy numbers (10 1 0  PFU/ml) (3) . Lambda gtll is a 
better source for lacZ gene than E. coli because there is less 
background DNA in phage than bacteria. Lambda gtll is  a well 
studied carrier of the lacZ gene (52) . Its genome has been mapped 
for restriction sites (Fig 3) (5 2) . The lacZ present in lambda gtll 
is functional and produces blue plaques on X-Gal agar (52) . LacZ can 
be excised from the gtll genome by restriction with KpNl and BamHl. 
The excised fragment is 7.39 kbp and can be inserted into the BamHl 
restriction site of pNF2 because KpNl and BamHl produce compatible 
cohesive ends (35). In this research the lacZ was amplified in the 
bacteriophage lambda gtll. Then the lacZ was excised and inserted 
into plasmid pNF2. 
C hoice of p N F2 P lasmid as a Vector . This particular 
plasmid was chosen in part because it contained 2 urn DNA which 
facilitated its replication and transcription in S. cerevisiae � 
Furthermore, its single BamHl site permitted insertion of foreign 
DNA at this site during construction without loss of any parts of 
the plasmid. Another reason for choosing pNF2 was because it 
· · (Kanr) contained the kanamyc�n-res�stance gene derived from 
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Tn903 (19) which confers resistance in yeast to the antibiotic G418. 
The gene permitted the selection of transformed yeast strains by 
employing G418 in the plating medium. 
P u rification of Lambda gtl l ,  pN F2 a n d  p BW314 by H P LC . 
Large quantities of plasmid DNA can be purified by HPLC (31). HPLC 
purified plasmid DNA is digestible by restriction enzymes and can be 
used fo� high frequency transformation (Sx105 clones/ug) (20). High 
pressure liquid chromatography was used in this research for 
purification of pNF2 , pBW314 and lambda gtl l  DNA. Methods used here 
were established by Johnson (31) . PBW314 was purified by HPLC and 
electrophoresed for size characterization. The DNA purified by HPLC 
also was desalted by ethanol precipitation and used for restriction . 
Since any undesired DNA contamination interferes with the activity 
of the restriction enzymes, pure DNA is required for this purpose. 
Also because restriction enzymes have a · designated salt concentra-
tions for best activity (35), desalting is a required step before 
restriction . 
Con str uction of p BW31 4. PBW314 wa� constructed by 
insertion of the lacZ gene into the plasmid pNF2. The resultant 
plasmid was used in my research to transform the lacZ- and amp
s 
strain, E. coli LG90. The transformed LG90 strain acquired 
resistance to ampicillin and also produced blue co lonies on X-Gal  
agar . Because of its behavior on X-Gal  the LG90 trans formant was 
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assumed to have a functional lacZ gene. It was presumed that this 
gene was transcribed and translated in the transformant. 
Others ( 43, 5 3) have added a 1 1  or parts of the l ac operon 
to vector plasmids to form lacZ plasmids. One such p lasmid is pB-gal 
(43) . It was used by Shine to transform a lac- strain of E. coli to 
lac+ (43) . Another plasmid constructed by Zamb , pZlOOO, also 
transformed a lac- E. co li isolate to the lac+ state (53) . PZlOOO 
carried· the lacZ , Y and A genes of the lac operon. 
C h a racter i stics of pBW31 4 .  PBW314 was used in my study 
not only to transform E .  co li but also to transform S. cerevisiae. 
The transformed S. cerevisiae that was obtained had acquired 
resistance to G418 indicating the plasmid was present in the yeast. 
This was confirmed because the plasmid could be extracted from the 
S. cerevisiae strain and shown to be present on an electrophoresed 
agarose gel. When the transformed yeast · was grown on X-Gal agar no 
blue colonies were observed indicating either that X-Gal was not 
penetrating the yeast cell to the site of B-galactosidase or 
alternatively that the lacZ gene was not functioning (transcribed) 
inside the cell. A third possibility was that . both events were 
occurring. One study by Dickson (17) has indicated that there is a 
permeability problem in yeast with B-galactosides (eg. lactose). 
The finding in my study on ONPG hydrolysis suggests that the Z gene 
was not functional 'in the transformed Y45 strain. The reason that 
the lacZ gene was not functional could have been because it was a 
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bacterial gene with a bacterial promoter and the yeast could not 
transcribe the bacterial gene. Dickson ( 17) tested the K. lact is 
B -galactosidase gene and supposedly because it was a yeast gene, it 
was transcribed and translated by the �- cerevisiae strain that he 
examined. This problem might have been resolved if the lacZ gene 
had been inserted into the yeast DNA part of pNF2 as was done by 
Zamb (53) . 
The gene Tn905 confers resistance to the antibiotic G418 
in S. cerevisiae. Plasmids containing the Tn905 gene have been 
constructed (30) and used to transform the yeast , S. cerevisiae. 
Non-transformed S. cerevisiae strain Y45 used in my study was 
sensitive to 60 ug/ ml G418. Joachim (30) found that some progeny 
strains of �- cerevisiae were more sensitive to G418 than wild-type 
S. cerevisiae. Some S .  cerevisiae strains were also found that were 
resistant to G418 concentrations as high as 200 ug/ml (41) . G418 is 
most effective in low sodium chloride concentrations ( 15). In this 
research G418 was only used in YPD and YPL media both of which had 
no added sodium chloride. 
The persistence of pBW314 in S. cerevisiae in the absence 
of G418 was tested and the results indicated tha_t the plasmid w.as 
not persistent after ten generations. The methods employed to test 
for the plasmid were unfortunately not sensitive enough to find out 
exactly when the plasmid was lost. It is a fact that plasmids in 
budding yeast are not permanently stable in the absence of selective 
pressure (14, 25). This means that positive selective pressure from 
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G4 18 would have had to have been applied to the yeast strain to 
stabilize and maintain the plasmid in the yeast. It  is also unknown 
whether this plasmid was integrated into yeast chromosomal DNA, but 
as mentioned in the "Literature Review" (page 8) plasmids containing 
the 2 urn yeast DNA as a rule are not stably integrated into the 
yeast chromosomal DNA (6) . For example studies done on plasmids 
Scpl, Scp2 and Scp3, all extracted from S. cerevisiae, indicated 
that none of these pl asmids were integrated into the chromosomal DNA 
of S. cerevisiae (6) . 
Transformed Y45 was tested for ethanol production on 
lactose. The results showed that there was no difference between 
this yeast strain and non-transformed Y45. This is compatible with 
the theory that the lacZ gene was not transcribed in the transformed 
yeast. The transformed yeast grown in the presence of G418 did not 
show any growth difference on glucose when compared with the 
non-transformed yeast indicating that growth on glucose by the 
transformed strain was not supperssed by G418. 
No significant increase in ethanol production was observed 
when transformed Y45 was grown on YPD in the presence of G418 as 
compared to non-transformed Y45 grown in the absence of G418. Young 
(51) established that microorganisms have decreased growth in the 
presence of antibiotics. Perhaps this is the reason why the 
transformed yeast produced lower concentrations of alcohol on YPD 
with 2 0 - 3 0% glucose. 
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CO NC LUS I O N S  A N D  RECOMME N DAT I O N S  
1. The lacZ gene was obtained from lambda gt 11 by KpNl and BamHl 
restriction . 
2 .  The lacZ gene was inserted into the BamHl site of the shuttle 
plasmid pNF2 producing the new plasmid, pBW314 . 
3. E. coli LG90 was transformed with pBW314 and the trans formant 
was scored for lacZ presence (blue colonies on X-Gal agar and 
resistance to ampicillin) .  
4 .  PBW314 was purified from the transformed �· coli strain by high 
pressure Liquid Chromatography. The purified plasmid was 
electrophoresed and showed a band consistent with CCC - DNA . 
5. The S. cerevisiae fuel alcohol strains Y45 and Y6 and the 
laboratory Fink strain were transformed with pBW314 from E .  
coli . transformants demonstrated the presence of the plasmid 
by their G418 resistance . 
6 .  PBW314 extracted from transformed S. cerevisiae Y45 is the same 
as pBW314 from transformed E .  coli LG90 and is larger than 
pNF2 . 
7. The lacZ present in pBW314 is not functional when introduced to 
yeast by genetic transformation . 
8. To render the lacZ gene functional in S. cerevisiae a yeast 
lactose permease gene or a yeast lacZ promoter or both may be 
necessary .  
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